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ABSTRACT
Objectives: Age at menarche and hormonal disturbances have been linked to the occurrence and severity of adolescent 
idiopathic scoliosis (AIS). Concomitantly, an increase in the production of sex hormones during puberty may result in ster-
oid hormones-related gingivitis. Thus, the study aimed to assess the prevalence and factors affecting puberty gingivitis, 
including menarcheal status, in female patients with AIS and control subjects. 
Material and methods: The study group was comprised of 59 girls aged 12–16 years with AIS and 50 healthy controls. Dental 
examination included the assessment of oral hygiene, gingivitis, and dental caries intensity. Data were statistically analyzed 
with a significance taken as p < 0.05. 
Results: There wasn’t any statistically significant difference in the age at menarche and menarcheal status of both groups. Dur-
ing regression analysis, three predictors significantly affected gingival status of girls: oral hygiene, orthopedic condition, 
and laterality of the curve. Scoliosis and left convex of the curve significantly increased the index of gingival inflammation. 
Conclusions: The results indicate that gingivitis is frequent among female adolescents with AIS, due to poor oral hygiene 
and higher susceptibility to inflammation. It emphasizes a need for a development of preventive strategy for scoliotic pa-
tients, since incipient periodontal problems in children may turn into irreversible advanced periodontal diseases in adults. 
Key words: adolescent idiopathic scoliosis; puberty gingivitis; menarche
Ginekologia Polska 2020; 91, 3: 103–110
INTRODUCTION
Idiopathic scoliosis is a three-dimensional structural 
deformity of the spinal column that occurs in up to 3% of 
children globally [1]. Adolescent idiopathic scoliosis (AIS) 
is the most common form and in 80% of cases occurs in 
girls. The etiopathogensis of this disorder appears to be 
multifactorial with a genetic tendency to the deformity, 
which is triggered by biomechanical, neuromuscular, ge-
netic, hormonal and environmental factors [1, 2]. 
AIS can be considered a disorder of growth, with a close 
association between patient’s maturity and a risk of spi-
nal curve progression [3]. An informative marker of female 
physical maturity and remaining growth potential during 
adolescence is the age of menarche [4]. Research studies 
revealed that the progression of the spinal deformity was re-
lated to growth velocity and thus significantly greater before 
menarche than after menarche [3]. Age at menarche was 
also linked to the occurrence of scoliosis. Delayed puberty 
and late age at menarche were associated with a higher 
prevalence of AIS and an increased risk of curve progression 
[3, 5], although the opposite tendency towards an early 
onset of menarche in scoliotic patients was also reported 
[6, 7]. The observed differences of menarcheal age of AIS 
patients as compared to healthy population have been 
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attributed to hormonal disturbances involving estrogen, 
melatonin, and leptin [5, 8]. Several studies have linked high 
body mass index (BMI) with earlier puberty [4, 9]. Interest-
ingly, low BMI has also been found to be associated with AIS 
[10, 16], although literature data regarding nutritional status 
of scoliotic patients are inconclusive [11, 12].
Sex hormones play an important role in the growth, 
maturation, and maintenance of bone [13–15]. Warren et 
al. [16] suggested that delayed menarche and prolonged 
intervals of amenorrhea that reflect prolonged hypoestro-
genism may predispose young ballet dancers to scoliosis 
and stress fractures. In Esposito’s study, the blood content of 
testosterone, 17 β-estradiol, and progesterone in adolescent 
females with AIS was lower than in their healthy age-mates 
[17], while Raczkowski observed increased testosterone and 
normal estrogen levels in girls with AIS [18]. Additionally, 
estrogen receptors polymorphisms have been suggested 
to be possible molecular markers for AIS prognosis [17, 19]. 
As far as oral tissues are concerned, sex hormones have 
been shown to exert influence on differentiation, prolif-
eration, and growth of fibroblasts, and keratinocytes of 
periodontium. Estrogens reduce keratinization and effec-
tiveness of epithelial barrier, stimulating proliferation of 
gingival fibroblasts and synthesis of periodontal connective 
tissue. Progesterone enhances blood circulation in capil-
lary vessels, increases vascular permeability. and stimulate 
the production of prostaglandins. An increase in the pro-
duction of sex hormones during puberty results in ster-
oid hormones-related gingivitis characterized by gingival 
enlargement, increased inflammation, gingival bleeding, 
and microbial changes. The highest prevalence of puberty 
gingivitis falls at the age of 12 years, 10 months in girls and 
13 years, 7 months in boys, which is coherent with the onset 
of puberty [20, 21]. 
Although it is widely accepted that patients with AIS 
should be screened for orthodontic problems [22], there 
are scarce data on their general oral health condition [23].
Thus, the aim of the study was to assess the prevalence 
and factors affecting puberty gingivitis, including menar-
cheal status, in female patients with AIS and control subjects. 
MATERIAL AND METHODS 
The research project was approved by the Bioethics 
Committee of the Poznan University of Medical Sciences 
(resolution no. 1307/18) and written informed consent was 
obtained from the parents and 16-year-old patients. 
The study group was comprised of 59 female patients 
aged 12–16 years, who visited the pediatric orthopedic 
outpatient office (Poznan, Wielkopolska Province) for the 
conservative treatment of AIS with a Cheneau brace and 
had no previous orthodontic or periodontal treatment. 
Anterior/posterior spine x-rays were used to assess curve 
direction, and the severity of scoliosis expressed by the Cobb 
angle, according to the methodology by Harms Study Group 
[24]. The inclusion criteria were as follows: female gender, 
age 12–16 years old, a Cobb angle of 20–40°, absence of 
any diagnosed systemic disease (including obesity and 
moderate to severe acne according to Investigator’s Global 
Assessment scale) or any medications of continuous use. Only 
patients with fully erupted permanent dentition (excluding 
wisdom teeth) were included in the study. Twenty-four pa-
tients had thoracic scoliosis, 22 patients had thoracolumbar 
scoliosis, and the remaining 13 patients had lumbar scolio-
sis. In 30 patients, scoliosis was convex to the right and in 
29 patients to the left. 
The control group of 50 orthopedically healthy females 
aged 12–16 with no history of systemic disease (including 
obesity and moderate to severe acne) and medications 
of continuous use, without previous orthodontic or peri-
odontal treatment was recruited in two randomly selected 
schools in Wielkopolska Province, Poland. Their selection 
was carried out by an orthopedic surgeon and a dentist 
based on Adam`s forward bend test, the measurement of 
trunk rotation with the use of Bunnel scoliometer and the 
dental examination. Cases with a trunk rotation exceeding 
4º were excluded from the study [25].
The patients from the study group were seen in the 
outpatient orthopedic clinic, while patients from the con-
trol group were seen at the school nurse’s office. They were 
examined under the following conditions: the girl seated in 
a chair, an examiner stood in front of the chair with dental 
loupes with led light, a mouth mirror, and a WHO probe [26]. 
The dental caries was evaluated with the use of the 
number of teeth affected by caries (DT), teeth missing due 
to caries (MT) and restored due to caries (FT) calculated for 
all permanent teeth (DMFT). Dental caries diagnosis was 
based on visual and tactile examination in artificial light, 
with the use of a mouth mirror and a blunt probe. Active 
caries was recorded when the lesion showed a visible cav-
ity, undermined enamel, or a softened area. Tooth restored 
due to caries (FT) was recorded when a tooth had at least 
one final restoration placed to treat caries. The missing (MT) 
component of DMFT was recorded when a tooth had been 
removed due to caries complications.
The gingival condition was assessed with the use of 
the Gingival Index (GI) by Löe and Silness on the six index 
teeth: upper right first molar, lower left first molar, upper 
right lateral incisor, lower left lateral incisor, upper left first 
premolar, and lower right first premolar). Marginal and in-
terproximal tissues were scored separately. The criteria were: 
0 = healthy gingiva; 1 = mild inflammation (slight change in 
color and edema without bleeding upon probing); 2 = mod-
erate inflammation (edema, redness, and glazing, bleeding 
upon probing); 3 = severe inflammation (marked edema 
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and redness, ulceration with a tendency to spontaneous 
bleeding). The values of the four areas around the index 
tooth were summed and divided by four to calculate the GI 
for the tooth. The GI of the patient was obtained by adding 
the scores of each index tooth and dividing by the number 
of the teeth examined. The mean GI was used to assign 
categorical gingival status to the individual as follows: 0, 
healthy gingiva; 0.1–1.0, mild gingivitis; 1.1–2.0, moderate 
gingivitis; 2.1–3.0, severe gingivitis [27].
The evaluation of the oral hygiene by Silness-Löe plaque 
index (PLI) was carried out by recording plaque deposits on 
the same six index teeth. Each of the four surfaces of the 
teeth (lingual, buccal, distal, and mesial) was given a score 
from 0 to 3. The values from the four areas of the tooth 
were added and divided by four in order to calculate the 
PLI for the tooth with the following criteria: 0 = no plaque; 
1 = a film of plaque adhering to the gingival margin and 
adjacent area of the tooth surface which can be detected 
by the probe; 2 = moderate accumulation of soft debris 
within the gingival pocket, or the tooth and gingival margin 
which can be seen with the naked eye; 3 = abundance of 
soft matter within the gingival pocket and/or on the tooth 
and gingival margin. The PLI of the patient was obtained by 
adding the scores of each index tooth and dividing by the 
number of the teeth examined. The subject’s plaque status 
was assigned as follows: poor (2.0–3.0); fair (1.0–1.9); good 
(0.1–0.9); and excellent (< 0.1) [27].
Age at menarche was defined as age at the first menstrual 
bleeding, given in full years. Height and weight measures 
for the study group and for the control group were col-
lected from the orthopedic patient’s files and from school 
nurses’ records, respectively. Diagnosis of overweight and 
obesity was based on body mass index (BMI). As proposed 
by World Health Organization, for children aged 5–19 years 
obesity and overweight correspond to BMI-for-age greater 
than 2 standard deviations and 1 standard deviation above 
the growth reference median, respectively [28].
Statistical analysis
The data was analyzed statistically by Statistica (version 
12) for Windows 10 Home (version 10.0.15063) with signifi-
cance taken as p < 0.05. 
Three general linear regression analysis models were 
built with GI as the dependent variable. As a first step, 
a correlation analysis between GI and all the independent 
variables was performed using Spearman’s rank correla-
tion coefficient. Additionally, qualitative predictors were 
assessed with the use of Mann-Whitney’s U Test and GI as 
the grouping variable. The aim of this step was to select the 
candidate independent variables for the regression analy-
sis. Regression models included all covariates associated 
with GI with a p value < 0.20. PLI, patient’s status (scoliosis 
vs control) and the presence of menarche were independ-
ent variables for the first two models explaining GI in all 
subjects. PLI, the presence of menarche, and laterality of 
the curve were independent variables for the last model 
explaining GI in the study group. Backward elimination 
procedure allowed for the construction of an optimal re-
gression equation. 
 First model was based on data concerning all sub-
jects. Since oral hygiene indices of scoliotic patients and 
controls differed significantly, the second model of re-
gression was prepared after the selection of subjects with 
good/excellent oral hygiene (PLI < 1.0). The third model ex-
plained GI of scoliotic girls with good/excellent oral hygiene. 
The standardized regression coefficients (β), coefficients 
of determination (R2), and statistical significance (p value) 
were reported. 
RESULTS
Table 1 shows characteristics of the study sub-
jects. Among the 109 patients analyzed, there were 7 sco-
liotic and 13 non-scoliotic premenarcheal girls, 2 scoliotic 
and 1 non-scoliotic girl reported late menarche (> 14 years 
of age). The difference between the number of patients with 
menarche in both groups was not statistically significant 
(p = 0.0575). The mean age at menarche in postmenar-
cheal girls in the study and the control group was similar 
(12.4 and 12.3 years, respectively). The number of patients 
with overweight was statistically significantly lower in the 
study group as compared to the control group (7 and 16, 
respectively, p = 0.0103), although mean BMI scores in both 
groups were similar (20.1 and 20.7, respectively).
There was a significant difference between PLI indices of 
scoliotic and non-scoliotic patients (1.01 vs 0.51, p = 0.0008, 
respectively). The number of patients with excellent/good 
oral hygiene was significantly lower in the study group, as 
compared to the control group (33 and 40, respectively, 
p = 0.0078). Poor oral hygiene (PLI ≥ 2) was significantly more 
common among AIS patients (p = 0.0304). Healthy gingiva 
(GI = 0) was significantly more common in the control group 
(p < 0.0001), while mild gingivitis (GI = 0.1-1.0) and moderate 
to severe gingivitis (GI = 1.1–2.0) were observed more fre-
quently in the study group (p = 0.0037 and p = 0.0184, respec-
tively). Scoliotic girls with good/excellent oral hygiene had 
significantly higher GI as compared to controls (p = 0.0083).
Table 2 presents correlation coefficients between GI 
and other quantitative variables. There was a strong cor-
relation between GI and PLI scores with Spearman’s rank 
correlation coefficient of 0.57 and 0.84 for the control group 
and the study group, respectively, and p < 0.0001 for both. 
No significant correlation was found between GI and any 
other variable, such as BMI score, DMF index and age in 
both groups, as well as Cobb in the study group (p > 0.05). 
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Table 2. Spearman’s rank correlation coefficients between GI and 
other quantitative variables 
Variables Control groupn = 50
Study group
n = 59
Age [years] –0.01 0.11
Cobb Angle N.A. 0.04
PLI 0.57* 0.84*
DMF 0.25 0.03
BMI 0.12 –0.01
BMI — body mass index; DMF — the total number of teeth that are decayed, 
missing, or filled; PLI — Silness-Löe plaque index 
*p < 0.0001, statistically significant
DMF numbers in the study group and the control group 
were similar (3.12 and 3.32, respectively). There wasn’t any 
statistically significant difference between the prevalence 
of teeth crowding in the control group and the study group 
(37% and 44%, respectively) (p = 0.0505). 
Table 3 shows descriptive statistics and Mann-Whit-
ney’s U test results for differences between GI of selected 
subgroups of subjects. There was a significant difference 
between GI indices of scoliotic and non-scoliotic patients 
(0.69 vs 0.18, p < 0.0001, respectively).
 Postmenarcheal patients did not differ significantly 
from premenarcheal subjects in terms of GI (0.51 vs 0.23) 
Table 1. Characteristics of the study subjects and statistical differences between the study and the control group
Variable Control groupn = 50
Study group
n = 59
p
(Mann-Whitney’s U test, chi-square test)
Age [years]
Mean ± SD 14.2 ± 1.7 14.0 ± 1.3
0.4829Median 14.0 14.0
Range 12.0–16.0 12.0–16.0
Cobb angle [º]
Mean ± SD N.A. 27.76 ± 6.30 N.A.
Median N.A. 26.00 N.A.
Range N.A. 20.00–40.00 N.A.
Age at menarche [years]
n = 89
Mean ± SD 12.3 ± 0.9 12.4 ± 1.0
0.5160Median 12.00 12.00
Range 11.00–16.00 10.00–15.00
Absence of menstruation n (%) 13 (26%) 7 (12%) 0.0575
Late menarche (> 14 years) n (%) 1 (2%) 2 (3%) 0.6585
BMI Mean ± SD 21.0 ± 2.4 20.7 ± 1.9
0.4417Median 20.7 20.1
Range 16.0–26.3 18.5–20.6
Overweight n (%) 16 (32%) 7 (13%) 0.0103*
PLI 
Mean ± SD 0.51 ± 0.65 1.01 ± 0.91
0.0008*Median 0.30 0.80
Range 0.00–2.50 0.00–3.00
PLI < 1.0 (excellent/good hygiene) n (%) 40 (80%) 33 (56%) 0.0078*
PLI = 1.0–1.9 (fair hygiene) n (%) 7 (14%) 14 (24%) 0.1994
PLI = 2.0–3.0 (poor hygiene) n (%) 3 (6%) 12 (20%) 0.0304*
GI = 0 (healthy gingiva) n (%) 38 (76%) 20 (34%) 0.0000*
GI = 0.1–1.0 (mild gingivitis) n (%) 9 (18%) 26 (44%) 0.0037*
GI > 1.0 (moderate/severe gingivitis) n (%) 3 (6%) 13 (22%) 0.0184*
GI of subjects with good/excellent oral hygiene
n = 73
Mean ± SD 0.04 ± 0.12 0.22 ± 0.40
0.0083*Median 0.00 0.00
Range 0.00–0.50 0.00–2.00
DMF
Mean ± SD 3.32 ± 3.69 3.13 ± 3.49
0.7971Median 2.00 2.00
Range 0.00–15.00 0.00–16.00
Crowding of teeth n (%) 22 (44%) 37 (63%) 0.0508
BMI — body mass index; DMF — the total number of teeth that are decayed, missing, or filled; GI — gingival index; PLI — Silness-Löe plaque index 
*statistically significant difference (p < 0.05)
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(p = 0.1595). Patients with crowding and these without 
crowding showed similar GI indices (0.48 vs 0.43, respec-
tively). Patients with left convex did not differ significantly 
from patients with right convex regarding GI (0.77 and 0.62, 
p = 0.1705). 
Our regression models allowed us to evaluate the joint 
effect of selected independent variables on the gingival 
status of our patients. First model was statistically signifi-
cant (p < 0.0001) with adjusted coefficient of determination 
R2 = 0.7251. The second and the third one also being statisti-
cally significant (p = 0.0003 and p = 0.0008) with adjusted 
coefficients of determination R2 = 0.1873 and R2 = 0.3352, 
respectively (Tab. 4). Bearing in mind that R2 measures the 
percentage of the variation in the dependent variable that 
is explained by variation of the independent variables, we 
could see that first model explains 73% variation in the 
outcome parameter (GI), while the second one and the third 
one (concerning patients with good/excellent oral hygiene) 
explain 19% and 33% of the variation of GI, respectively.
Table 5 presents the regression coefficients (β) and sta-
tistical significance of the independent variables in three 
models of regression analysis.
PLI turned out to be the most important predictor of 
GI (β = 0.8133, p < 0.0001 in the first model, β = 0.3619, 
p = 0.0013 in the second model, and β = 0.4495, p = 0.0041). 
Patient’s orthopedic status (scoliosis vs. control) was the 
second statistically significant predictor of GI (β = 0.1151, 
p = 0.0316 in the first model, β = 0.2194, p = 0.0466 in the 
second model). 
Left convex of the curve was a significant predictor of 
GI in the third model prepared for scoliotic patients with 
good/excellent oral hygiene (β = 0.3765, p = 0.0143).
DISCUSSION
The prevalence and severity of gingival inflammation 
in adolescents are influenced by several factors, including 
oral hygiene, presence of rough and retentive areas on 
which plaque accumulates such as dental caries lesions, 
restorations or crowding of the teeth, and physiological 
teeth eruption [29]. Additionally, the sudden rise in steroid 
hormone levels during puberty affects the inflammatory 
status of the gingiva [29, 30]. Thus, although puberty‐associ-
ated gingivitis is classified as a plaque-induced gingivitis, the 
predisposition to gingival inflammation in the presence of 
relatively small amounts of plaque is a key to distinguishing 
this condition. The response of gingiva to plaque is increased 
by circulating sex hormones through mechanisms such as 
increased fluid secretion, partial immune suppression, and 
stimulation of fibroblast synthetic activity [21]. Besides, the 
subgingival microflora (i.e., Prevotella intermedia) can sub-
Table 3. Descriptive statistics and Mann-Whitney’s U test results for 
differences between GI of selected subgroups of subjects
Grouping variable GI p (Mann-Whitney’s U test)
Menarche n Mean ± SD
Yes 89 0.51 ± 0.76
p = 0.1595
No 20 0.23 ± 0.40
Scoliosis n Mean ± SD
Yes 59 0.69 ± 0.82
p < 0.0001*
No 50 0.18 ± 0.44
Curve direction n Mean ± SD
Right 30 0.62 ± 0.85
p = 0.1705
Left 29 0.77 ± 0.80
Crowding n Mean ± SD
Yes 59 0.48 ± 0.71
p = 0.5524
No 50 0.43 ± 0.74
Overweight n Mean ± SD
Yes 23 0.44 ± 0.68 p = 0.7933
No 86 0.46 ± 0.73
GI — gingival index; *p < 0.05, statistically significant
Table 4. Parameters of general regression models obtained after 
backaward elimination of insignificant variables, predicting the 
value of GI based on PLI and orthopedic status (Model 1 and 2), PLI 
and curve direction (Model 3)
Model 1 Model 2 Model 3
R 0.8545 0.4581 0.6138
R2 0.7302 0.2099 0.3768
Adjusted R2 0.7251 0.1873 0.3352
F 143.4736 9.2962 9.0681
p < 0.0001 0.0003 0.0008
GI — gingival index; PLI — Silness-Löe plaque index
Table 5. The regression coefficients (β) and statistical significance 
of the independent variables in four models of regression analysis
Model 1, GI in all subjects from the study and the 
control group
β p
PLI 0.8133 < 0.0001
Scoliosis 0.1151 0.0316
Model 2, GI in subjects with good/excellent oral 
hygiene from the study and the control group
PLI 0.3619 0.0013
Scoliosis 0.2194 0.0466
Model 3, GI in scoliotic girls with good/excellent 
oral hygiene
PLI 0.4495 0.0041
Left convex 0.3765 0.0143
GI — gingival index; PLI — Silness-Löe plaque index
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stitute progesterone and estrogen for vitamin K, which is 
an important bacterial growth factor [31]. The relationship 
between elevated levels of circulating sex hormones and 
prevalence of gingivitis in puberty is strengthened by the 
observation that puberty gingivitis peaks earlier in girls 
than in boys [32]. Gingiva condition of our subjects, who 
developed inflammation of gums even in the presence of 
small amounts of plaque (PLI < 1.0), match the criteria of 
steroid-hormone related gingivitis. 
It is noteworthy that an increased BMI might be related 
to higher estrogen levels due to conversion of androgens 
to estrogens in adipose tissue. There is a growing scientific 
evidence supporting a link between increased childhood 
adiposity and early onset of puberty in girls [9]. At the same 
time, several studies demonstrate an association between 
obesity and periodontal problems in adults and adolescents 
[33–35]. Adipose tissue is not only a source of estrogens, but 
also pro-inflammatory cytokines (TNF-α, IL-1, IL-6), which 
play a fundamental role in the progression of periodontitis 
[33, 35]. Our results did not confirm the relation between 
gingival inflammation and BMI. However, most of our sub-
jects had BMI within norm, and obese girls with extreme of 
BMI were excluded from the analysis.
Although the etiology of the AIS is not fully understood, 
it is also considered a sex-conditioned disease, in terms of 
sex hormones levels and their receptors activity. As sug-
gested by Kulis, the multifactorial pathomechanism of AIS 
involves significant deficiency of estrogens, and especially 
estradiol [8]. Thus, our assumption was that the study group 
would present with a higher average age at menarche as 
compared to the controls and lower risk of steroid-hormone 
related gingivitis, due to lower levels of circulating sex hor-
mones. Contrary to our expectations, there wasn’t any sta-
tistically significant difference in the age of menarche and 
menarcheal status of both groups. Moreover, in the control 
group of patients the number of girls without menarche was 
almost twice as high as in the study group. Similarly, Grivas et 
al. did not observe later menarche in AIS patients, although 
they found a significant difference between postmenarcheal 
and premenarcheal scoliotic girls in relation to the lateral-
ity of scoliotic curves: the former showed predominantly 
right sided primary curves while the latter had mainly left 
sided primary curves [5]. It would suggest that girls with 
levoscoliosis differ in terms of auxology from the girls with 
dextroscoliosis. There is also some evidence in the literature, 
that left-leaning curves are more likely to be accompanied 
by other health conditions such as neuromuscular disor-
ders, spina bifida, spinal tumors, chromosomal anomalies 
and rare syndromes [36]. Interestingly, our results suggest 
that left convex increased a risk of gingival inflammation, 
although, contrary to Grivas et al. [5] we did not observe 
any relation between menarcheal status of the girls or the 
age of menarche and laterality of the scoliotic curve. The 
question arises whether gingivitis could be a sign of some 
undiagnosed subclinical health conditions in scoliotic sub-
jects with left convex.
In regression analysis models prepared for all subjects, 
two predictors significantly affected the gingival status: oral 
hygiene (PLI) and orthopedic condition (scoliosis vs. control). 
The first one is nothing unusual since bacterial plaque is 
considered the main risk factor of puberty gingivitis [31]. 
As reminded by Laskowska, the patients with AIS and their 
families tend to focus all their attention and resources on their 
primary health problem, often neglecting oral health [23]. 
The second predictor needs further investigation, because, 
contrary to our initial hypothesis, scoliosis significantly in-
creased the index of gingival inflammation. The effect of 
orthopedic status on gingiva remained significant after 
elimination of subjects with poor/fair oral hygiene. To the 
best of our knowledge, it is the first study which indicates 
that scoliotic girls may present with an increased risk of 
puberty gingivitis as compared to their age-mates.
Trying to find the possible explanation of this phenom-
enon, we must remember that apart from sex hormones lev-
els, expression of steroids receptors, especially estrogen re-
ceptor α (ERα) and estrogen receptor β (ERβ) in human peri-
odontal tissues may modify their inflammatory response 
to dental plaque. Interestingly, polymorphisms in genes 
encoding estrogen receptors have been associated both 
with chronic periodontitis and idiopathic scoliosis, although 
the results of different studies are ambiguous [37, 38]. 
The effects of estrogen on gingival tissues are mediated by 
ERβ, which is the most predominant ER in human healthy 
and inflamed gingivae, while ERα gene polymorphisms are 
linked to alveolar bone loss in patients with periodontitis 
[39, 40]. The rs1256120 polymorphism in the gene for ERβ 
was reported to be associated with AIS predisposition and 
curve severity in Chinese [19], as well as with an increased 
risk of chronic periodontitis in Polish adults [41]. Whether 
estrogens receptors polymorphisms might be responsible 
for gingival inflammation in female patients suffering from 
AIS remains to be investigated. 
Our study has several limitations that should be con-
sidered in the interpretation of the results. We investigated 
a relatively small number of female patients with low-grade 
scoliosis, which may limit the generalizability of the find-
ings. Besides, we didn’t assess hormonal profiles of the girls 
which would add valuable information to our analysis. On 
the other hand, the group was homogenous and inclusion 
criteria eliminated possible confounding factors related to 
changes in periodontium: during primary teeth exfoliation 
and permanent teeth eruption, after invasive orthopedic 
surgery, after orthodontic and periodontal treatment, due 
to obesity or potential excess of androgens (manifested as 
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moderate to severe acne), as well as due to gender-related 
hormonal differences. 
CONCLUSIONS
The results indicate that gingivitis is frequent among 
female adolescents with AIS, due to poor oral hygiene and 
susceptibility to inflammation increased by additional sys-
temic factor. The nature of this factor is currently unknown 
and needs further elucidation. 
It emphasizes a need for collaboration between ortho-
pedists, pediatric gynecologists, and dentists in the manage-
ment of AIS, as well as development of preventive strategy 
for scoliotic patients, since incipient periodontal problems 
in children may turn into irreversible advanced periodontal 
diseases in adults. 
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